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I. THE ILLINOIS SYSTEM OF SOIL FERTILITY 
FROM THE STANDPOINT OF THE 
PRACTICAL FARMER1 
Bv BROTHER LEo, in Charge of the Farm of the University of otre Dame 
A permanent system of soil fertility-What does it mean? What 
are the requirements? Is it a practical proposition? Is it applicable 
to the grain farmer, to the live-stock farmer, or to the farmer who 
combines both grain and stock? I believ~ these questions are, in 
substance, the fundamental factors involved in a discussion of a subject 
of this character. 
Time will not permit a treatment of this subject from a technical 
point of view. Consequently I shall confine myself chiefly to the 
practical side of the subject. · · 
At the outset I wish to say that I am not and never have been a 
resident citizen of this state of Illinois. I was born and reared on a farm 
in Indiana. In view of these facts the question may be raised as to why 
I should have given preference to the system of soil maintenance pro-
mulgated by the Illinois College of Agriculture over that of other 
schools similar in character. In replying to this question I will say, 
first, that farming is a business proposition and ·a very important one, 
and in handling this proposition, as in all other lines of business activity, 
the success or failure accruing depends very largely upon the practical and 
~onomic methods with- which the work is pursued. It was only after 
I had made a very thoro investigation of the various methods pertaining 
tO the building up of unproductive soil that I definitely decided that 
the system outlined by the Experiment Station of Illinois was the system 
which involved all technicalities blended with profit and permanency. 
By the use of chemistry and mathematics, we learn that crops are 
110t made from nothing, but that they are the direct results of the utili-
tion of certain chemical elements which the soil contains, or must 
ntain, in conjunction with the elements of air and water. By the use 
f chemistry and mathematics, men have determined definitely the 
terials out of which crops are made. Also, by the use of these same 
'entific principles, men have specifically determined the amounts 
these various chemical elements which different soils contain and which 
nstitute plant growth, plant development, and plant maturity . 
Now, then, we have a working base. By the use of these sci~ntific 
· ciples and methods, these men have determined the exact amounts 
these various chemicals and atmospheric elements necessary to pro-
ce one bushel of grain or several bushels of grain, to produce one ton 
f hay or several tons of hay , whether this grain or hay be produced on 
e acre or on several acres, it matters not. The Experiment Station 
Illinois has pursued this work persistently and judiciously, arid by the 
1An address before the Illinois Farmers' Institute at Decatur, February 22-, 1916. 
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persistency and accuracy with which it has handled this deep, difficult 
scientific problem, it has finally procured positive and definite infor-
mation as regards the soil fertility problem in conjunction with the 
profitable production of crops. 
It is a fact, conceded by all, that almost everywhere in this United 
States of America soils which have been constantly cultivated for a period 
of fifty or seventy-five years have weakened in their power to produce 
crops as they once produced them. I am speaking now of soils where 
there have been no fertilizing materials added to the land other than 
the corn stalks or straw which grew on that same land. There are only 
a few instances, if any at all, where the crop yields have remained 
normal on normal soils after three-quarters of a century of constant 
cultivation with practically no plant food added other than possibly 
a part of the crop residue in the form of straw or stall{s. I personally 
"" know that there are lands in Indiana and Illinois which once produced 
reasonably good crops but are no longer at all productive. 
Now, this . problem of crop production has taken on a serious aspect; 
in fact in many instances it has become alarming. Right here we have 
food for the ·mind~food for the man that has a thinking mind and who 
will think, will study. 
In the interest of the farmers of thjs state, the Experiment Station 
of Illinois has faced this technical problem fearlessly, honestly, con-
scientiously. The men directly connected with the Experiment Station 
have set to work to deteq_nine why soils, after years of constap.t cropping, 
actually do become unproductive, or at least do not produce as they once 
did produce i.n their virgin state. 
The findings of the Experiment Station are to the effect that out of 
the ten or twelve elements, or materials, which constitLtte plant growth 
and maturity, there are just three of these which are now limiting crop 
yields on practically all normal upland soil of this and other corn-belt 
states as well: 
They are nitrogen, phosphoru~, and calcium. 
Now, gentlemen, from the standpoint of a farmer who has seen both 
sides of this problem-the productive and the unproductive-! have 
every reason to believe that the findings of the Illinois Agricultural 
Experiment Station are absolutely correct, at least in so far as correct-
ness in this scientific problem is possible. 
Now, I am going to give you my reasons for my faith in this system. 
· In the beginning of the year 1900 I was given charge of 1,000 acres 
of cultivated land in the northern · part of the state of Indiana. This 
land, or a large part of it, had been cultivated for approximately eighty 
years. · It is what the geologists call a "sand loam," which means a 
composition of sand and clay. This land, in its virgin timber state, 
was quite productive. It produced corn, oats, wheat, common red 
clover, and potatoes. Crops of good quality and of reasonably good 
yield were produced. 
The first of these various crops to fail on this farm was clover; and 
in the absence of clover all other crops gradually diminished until 
finally cultivation was no longer profitable and abandonment was the 
final result. 
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Now, as I already stated at the outset, it was only after due delibera-
tion and thoro investigation that I decided to take up this subject of 
soil fertility and put into practice the system of permanent fertility 
recommended by the Experiment Station of Illinois, not believing, 
at that time, that my work would ever take on an educational character. 
This farm, previous to my administration, was what may be called 
a grain farm; that is, grain only was being produced, in fact grain was 
the only kind of crop the land would produce and it produced very little 
of that, and some of the fields were already turned into the commons. 
Four, eight, and twelve bushels of wheat was the general average, the 
variations in yields being governed somewhat by weather conditions, 
for favorable or unfavorable weather conditions always were and always 
will be a factor in the production of crops. Corn yields previously 
produced on this farm ranged from nothing to twenty-five or thirty 
bushels per acre. My predecessor had long since abandoned all 
attempts to grow oats or potatoes. 
As I have already stated, clover was the first crop to withdraw 
from the ranks. Now, it has been the general belief that the mere grow-
ing of clover is sufficient to maintain soil fertility, which belief of course 
is not true; in fact science has proved that the mere growing of clover 
where the entire crop i.s removed from the land is the best and quickest 
way of depleting the-fertility of soil. 
~Now, as a matter of science, first of all, why was it that in our par-
ticular case the clover plant was the first of all the various crops to 
withdraw from active service? In answering this question I will say, 
principally because of lack of sufficient nitrogen in the soil to feed the 
plant. But science teaches that the clover plant is a legume crop and 
will take nitrogen from the atmospheric supply. It is true that the 
clover is a legume; but it is equally true that clover takes nitrogen from 
the atmospheric supply only by means of the symbiotic relationship 
existing between the clover plant and a certain species of bacteria 
commonly called nodule-forming bacteria, and these bacteria exist 
or thrive only in such soils as are well supplied with calcium. Science 
teaches this. 
The failure of clover in our case, and this is true generally where 
clover failures are prevalent, was not due to the lack of nitrogen only, 
but to the lack of sufficient calcium and phosphorus as well. After 
years of scientific experimenting I find that I can grow clover on our 
land by the liberal application of limestone; but to be able to grow a 
real crop of clover I must also supply phosphorus. 
People too often deceive themselves in the belief that their land does 
not need calcium or phosphorus. They say they know this to be true 
from the fact that their land still grows clover-but what kind of clover? 
I have seen some of these clover fields, the clover only about a foot high, 
and one-third of that noxious weeds. 
Now, these people are deceiving their own intelligence. From 
the scientific standpoint they are not growing clover at all; they are 
growing only a repast. The clover plant is half-starved because of the 
lack of sufficient calcium and phosphorus in the soil to feed the plant. 
I have taken this observation on our own land and in other parts of 
the country as well. 
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The Experiment Station of Illinois, in very emphatic terms, main-
tains that calciUJTI and phosphorus are the factors now limiting the 
growth of clover on all normal soils, and this same experiment station 
further maintains that from the economic standpoint there is positively 
no other way by which the fertility of the soil can be kept up to a lfigh 
standard of productiveness other than thru the growing of clover and 
by supplying to the soil the needed mineral elements. 
I heartily agree with this station. My nine years of constant, 
persevering labor following the suggestions of the Illinois Station and 
the results I have obtained are a conclusive and positive proof to me that 
this station has solved this problem once for all. 
The economy with which this system is blended is one big factor 
which appeals to me. By way of comparison of systems, keeping in 
mind the problem of economy: ' 
The Indiana system of maintaining soil fertility consists, for the 
most part, in the freqp.ent use of mixed commercial plant food, a com-
bination of materials commonly called "two-eight-two," costing ap-
proximately $2S per ton. The fertilizing companies have come out 
thjs year in Indiana with a "Magic Brand" which they call "three-
eight-one," and because of the superior quality of this "magic" com-
position they have added $10 per ton to its price, and the Indiana 
farmers are buying this composition. 
Now, if these same Indiana farmers who are buying and using this 
mixed commercial plant food at a cost of $3S per ton would adopt the 
Illinois permanent system, then they would realize that the only element 
of plant food which that $3S per ton composition contains and which 
the soil of Indiana and Illinois really needs-which the farmers of Indiana 
and Illinois must buy under any and all systems-is phosphorus. 
In view of these facts we must charge the total cost of $.3S per ton 
composition to the one element phosphorus. This makes that one 
element cost the farmer SO cents per pound. By the application and 
use of the practical and common-sense system I am following, I am 
buying that same element of phosphorus for 3 cents a pound. Now 
consider 3 cents as against SO cents, and this in part is what is meant 
by economy. 
A practical, common-sense system against an impractical system; 
or what is better called no system at all. 
Results are what we are all looking for. I am getting results, and I 
base my statements on my results. I know what I have done; I know 
how I did it. 
Again, by way of comparison, by way of substantiating my assertion, 
by way of showing the real meaning and value of this system of which 
I am speaking, I will give you a few definite facts. I have already 
mentioned the kind of crops previously produced on this farm and the 
approximate yields. I will now give you the results accruing from the 
system now being pursued. 
The corn yield of our farm, depending of course somewhat on favora-
ble or unfavorable weather conditions, has been increased until the 
actual yield for the· past four years has ranged from 60 to 80, 90, and 
as high as 124 bushels per acre. Wheat yields, which previously ranged 
from 4 to 8 and 12 bushels, have been increased to 28 and 39.4 bushels 
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acre. Oat yields have been increased from nothing to 50, 60, and 
as 83 bushels per acre; potatoes from nothing to 250 and 300 
per acre. These crops are all produced on a rather large acreage. 
have alfalfa on nearly 300 acres of land which only a few brief years 
would produce almost nothing but sorrel. We now have no trouble 
growing alfalfa as well as clover, altho, as I have stated, clover was 
first crop to fail under the old system of farming. 
Now, the actual cost of maintenance is approximately $2 per acre 
per year. This money is being invested in the raw mineral materials, 
or elements, commonly called calcium and phosph0rus, the elements 
which previously limited crop yields on these sand loam soils. 
Nitrogen, of course, was a big factor in the limitation of crop yields; 
but we have procured the nitrogen necessary to produce these large 
yields, of which 1 have just made mention, from the atmosphere by the 
growing of legume crops and not by a direct expenditure of money, as 
in the case of the man who is buying the $35 per ton composition-a 
material, we are told, giving a net profit to the manufacturer of 300 
percent on all money invested. ..j 
I had a personal conversation about two years ago in Chicago 
with a certain gentleman who told me he had money invested in a com-
.-.,m., ... f'".,-=> plant-food factory and that their annual net profits were 300 
percent . Be that as it may, men have a right to invest their money 
where they may reap the largest returns. That's a business proposi-
tion. The legitimacy or illegitimacy of such an investment is not for 
me to decide, but I know that farmers are not making 300 percent on 
their money invested in farm land for the growing of crops. Notwith-
sta.nct'mg, we are going to continue farming. 
ore closing, I want to bring vividly to your minds an incident 
took place on the 9th of June, 1915, which I believe will strengthen 
statements in reference to the production of crops on our own farm. 
Mr. Bishop, county agent of Livingston county, Illinois, in company 
nearly one hundred farmers and landowners of that county, 
~•n,·•rn,ou,.rt to our farm for the purpose of taking observations and investi-
the results being obtained by the Illinois permanent system of 
fertility . These gentlemen were amazingly surprised at the crops 
saw growing on this farm. Many of them declared that there was 
clover growing in Livingston county as that which they saw 
that day. ~.. 
Fifteen years ago the same land on which that magnificent crop 
clover grew was an almost barren sand being carried by the winds 
the highways and byways. There have been no 300-percent profit 
· ..... ,.,,.•.., oN materials applied to this land, but the needed mineral elements 
been supplied by the liberal use of ordinary crushed limestone 
near-by deposits and raw rock phosphate just as it came from the 
:gnnctmg mills of Tennessee. 
The question was asked if stable manure had not been applied. 
had been no stable manure applied to that particular field in 
years. 
These gentlemen saw the mowers cutting down the alfalfa. Here 
· they said better alfalfa was not to be found in Livingston county. 
saw acres of wheat standing fully 5 feet high; and here too this 
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land, on which that wheat grew which averaged 39.4 bushels, was 
previously a barren waste. 
The people must be fed. This food must come from the soil. 
yields must be increased. A better, a more practical, a more ec<mc,Inl,c: 
system must be introduced and put into practice. Positive and definite 
scientific agricultural information must be disseminated in the interest 
of the people. The farmer of today wants facts-facts based on scien-
tific principles. He will accept and use these facts. It is true that the 
average farmer is skeptical-and why should he not be so? He has 
been so gormandized by this "soft hot stuff" that it has become nause-
ating. Men too often set themselves up as teachers of agricultural 
science when in reality they are mere misconstruers of real facts. 
Now, people, it may appear to the minds of some that I came here 
to display flattering words in the interest or in behalf of the men con-
nected with the Agricultural Experiment Station of Illinois. I am 
sincere when I tell you I have no such thoughts in mind, but justice 
demands that I shall speak the truth. The Gospel says, "You shall 
render unto Cresar the things that are Cresar's, but render unto God 
that which belongs to God." 
II. PHOSPHATES AND HONESTY1 
When the Doctors Disagree Let the Farmers judge the Facts 
BY CYRIL G. HOPKINS, Chief in Agronomy and Chemistry 
At the end of the year, a wily Negro preacher said to his unsuspecting 
-=cmgTe~~at:.Lon "Brethe'n, de time am come fo' de 'lection of a pastah 
chu'ch fo' anothah yeah. All those in favah of me, please say 
this invitation, not a voice responded, whereupon the preacher 
as follows: "My beloved brethe'n, I can't spress my 'preciation. 
myself ovahwhelmed, and I know you is too full fo' uttahance, 
, of cou'se, silence always gives consent, and I's moah than pleased 
announce that I is 'lected youh pastah fo' anothah yeah." 
I am to discuss with you the subject of phosphates: first, because 
importance of the subject justifies careful consideration; second, 
11M~11se I am able to present some valuable information from the inves-
lll~t;lOrls of many states; third, because I wish to bring to your atten:-
the adverse opinions of some others concerning raw phosphate, 
also to prevent the conclusion on their part that our silence gives 
~·.u;;)'l;;ut to their statements. 
A FARMER's QuESTION 
A Pennsylvania farmer sent the following very intelligent question 
the Rural New-Yorker: 
"Recently I have been reading a good deal on soil fertility for the purpose of 
• leeltat·mr· tg the consensus of opinion of expert farmers, experiment stations, agri-
' etc., as to the benefit to be derived from the use of ground rock 
soils. I had about arrived at the conclusion that raw rock phosphate, 
to manure in the stable or compost heap, and thoroly incorporated 
so as to effect an even distribution on the land, or if applied to a good 
clover or other green crop and turned under, would p~;ove highly beneficial. 
on page 13211.Rural New- Yorker], that' a recent bulletin from the. Massa-
Experiment Station shows clearly that during a long series of years the rock 
te gave little if any benefit.' Are these differences of opinion due to the 
in the humus content or other conditions of the soils experimented with?" 
In answer tc this inquiry, on the first page of the Rural New-Yorker 
December 11, 1915, occurs the following editorial statement: 
p of men connected with the Illinois Experiment Station are chiefly 
llpc•nsible for the theory that the ground rock phosphate is most profitable. Their 
is plausible at least-that the chemical action in manure or in decaying 
tter will make this rock phosphate more or less available, thus saving 
of using the expensive sulfuric acid. These rock phosphate men appear 
that anyone who fails to agree with them must be in some way influenced 
---
1An address before the Illinois Farmers' Institute at Decatur, February 22, 1916. 
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by dishonest motives. T he R ural Ne~~·- Yorker would be only too glad to tell its 
readers that they might save the cost of chemicals in preparing phosphoric acid, 
but if we consider the facts we cannot honestly do this. Every experiment station 
in the Atlantic coast states has found that, for the soil and crops in this section, 
acid phosphate on the whole is more profitable than the ground rock." 
In further reply to .t his inquiry the Rural New-Yorker says: 
"The latest b ulletin on this subject is No. 162, from the Massachusetts Experi-
ment Station a t Amherst. T his gives, in detail , the results of eighteen years' work 
in testing different forms of phosphates. It would be difficult to imagine a more 
t horo test than this one conducted by Professor Wm. P . Brooks. The ccnclusions 
reached are stated in t he following definite manner : 
" 'No in ju rious secondary effects a re k nown to be associated with any reasonable 
use of dissolved phosphat es. Our experimen ts indicate that they do not increase 
t he necessit y for t he u se of lime. 
" 'Massachusett s farmers, gardeners, a nd orchardists are advised against the 
general use of raw rock .phosphates. In so far a s t hey are needed in our agriculture 
t he· phosphates employed should be the more soluble a nd available kinds, such as 
acid phosphat e, dissolved bone, basic slag meal, and bone meals. The dissolved 
forms are advised for a quick st art and early maturity. 
" 'Natural rock phosphates are unadapted to the con dit ions of our agriculture, 
and their use will, with most of our crops and on most soils, give highly unsatisfac-
tory results. What is needed in our agriculture is frequent applications of dissolved 
or quickly available phosphates.'' 
Continuing, the Rural New- Y orker says: 
"There is no possible way of misunderstanding that. A full st udy of this 
bulletin will interest any farmer who u ses fertilizer. Dr. Brooks shows clearly that 
the essent ial need of N ew England soils is potash . . . . . . The Massa-
chusetts experiments show that the acid phosphates stimulate an early root and top 
development and an early and perfect ripening. They also help to increase the avail-
ability of potash, promote nitrification and increase the gain of nitrogen from the 
air. . . . . . Sulfuric acid has gone much higher in price since spring. 
. . . . . . This will make acid phosphate higher than ever, and if it 
possible to substitute the raw phosphate fo:t: growing crops on our eastern soils, 
should certainly advise its use. The weight of both scientific results .and IJlctl.;t.l.t:CU-~ 
experience is in favor of using annual applications of soluble phosphates." 
These quotations fairly represent the conclusions drawn by 
Brooks in the recent Massachusetts bulletin, as well as the cmnrr1en1ts.t• 
by the editor of the Rural New- Yorker, which, however, do not 
fairly the questions asked by the Pennsylvania farmer. 
This farmer does not even mention Illinois, but he refers to " 
consensus of opinion of expert farmers, experiment st ations, 
tural colleges, etc.," and he plainly shows that he has an intelligent opin-
ion of the proper way to use rock phosphate. He then asks if the differ-
ence between the conclusion he "had about arrived at" and the 
elusions of Doctor Brooks was possibly "due to the differences in 
humus content or other conditions of the soils experimenteq with." 
On page 148 of the Massachusetts bulletin, Doctor Brooks makes 
following statement in regard to the soil used in the experiments 
tinued for eighteen years: 
"The soil varies somewhat in physical character, but as the variation is 
gressive from one end of the field to the other, and the arrangement includes 
phosphate plot at either end and one in the middle, each phosphate being cornpaLred 
only with the two no-phosphate plots between which it lies , and each of these 
_given a wc :ght inversely pmportional to its distance, it is not believed that 
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injustice is done to any of the phosphates in the results as presented. The more 
soluble phosphate plots are at the end of the field where the soil is the more heavy." 
Our Illinois experiments have shown that phosphorus, even as bone 
meal, produces little or no benefit on the lighter, more porous sandy 
soils, while marked benefit may be produced on heavier and more com-
pact soils. One cannot be certain as to the character of the lighter 
soil on this Massachusetts field. Thus, on page 190 of the Massachu-
setts report for 1896 occur the following statements concerning one of 
the two fields used in the phosphate experiments: 
"Previous to 1887 it was used as a meadow, which was well worn out at the 
time, yielding but a scanty crop of English hay. During the autumn of 1887 the sod 
was turned under and left in that state .over winter. It was decided to prepare the 
field for special experiments with phosphates by systematic exhaustion of its inherent 
resources of plant food. For this reason no manurial matter of any description was 
applied during the years 1887, 1888, and 1889. The soil, a fair sandy loam, was 
carefully prepared every year by plowing during the fall and in the spring to improve 
its mechanical condition; during the same period a crop was raised every year." 
But on page 147 of Massachusetts Bulletin 162, Doctor Brooks 
makes the following statement concerning his tests with phosphates: 
"Two series of experiments in this station throw light upon the que~tion. Both 
have been carried out on medium silt loail;ls containing an average percent of humus 
and possessing excellent physical characteristics." 
Question: If a medium silt loam is a fair sandy loam, then what is 
the lighter phase of the silt loam? 
Doctor Brooks' bulletin also shows that before his experiments were 
started the check plot on the lighter soil produced 3,440 pounds of corn 
("gross weight") per acre, while the check plot on "the more heavy" 
soil produced only 2,640 pounds, but that 3,555 pounds were produced 
on another plot later treated with a soluble phosphate. As an average, 
these previous tests show that in comparison with the respective check 
plots, the plots which later received available phosphate were 15 per-
cent more productive than those which received raw phosphate, accord-
ing to the method now used by Doctor Brooks for computing increases 
in crop yields, a method which he has recently and perhaps wisely 
adopted after having used for eighteen years a different method of 
computing increases. 
It should also be noted that the plan of this Massachusetts experi-
ment was to compare equal amounts of phosphorus-which under 
normal conditions in Illinois means about $4 worth of soluble or avail-
able phosphate as compared with $1 worth of raw phosphate, while, 
under the present high prices mentioned by the Rural New- Yorker, 
it means $1 worth of raw phosphate as compared with $5 or $6 worth of 
acid phosphate. · 
A dozen pages of the bulletin are devoted to this eighteen-year 
experiment, while less than one page is devoted to another Massachu-
setts experiment in which different phosphates were compared, in equal 
money values, over a period of twelve years and then discontinued. 
This page seems to have been entirely overlooked by the Rural New-
Yorker. Regarding this experiment Doctor Brooks makes the follow-
ing statement on page 148 of his new bulletin. 
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"The experiment was continued twelve years. During this long period of time 
the basic slag meal gave the greatest total crop yield; the South Carolina rock 
phosphate ranked next, but was followed so closely by the dissolved bone black 
that the difference was quite insignificant in spit~ of the fact that the latter was 
used in a manner so absolutely irrational, and applied in quantity furnishing only 
about one-third as much phosphorus1 as was applied in the South Carolina rock 
phosphate." 
In Illinois, substantial and permanent soil enrichment is encouraged, 
but on the same page Doctor Brooks states, as tho it were highly ob-
jectionable, that, at the end of the twelve years-
" There still remained in the soil of the plots which had received the rock phos-
phates more than two-thirds of the large amount of phosphorus which had been 
applied. At the same time, the phosphorus which had been applied in the dissolved 
bone black had :p.early all been carried away in the crops." 
Nevertheless he seems to feel that it is "absolutely irrational" not 
to apply acid phosphate annually or frequently. In his eighteen-year 
experiments (1897 to 1914) the applications were annual and were based 
on 500 pounds per acre of acid phosphate. Thus he compared 404 
pounds of raw bone meal, 522 pounds of dissolved bone black, and 538 
pounds of basic slag phosphate, with only 296 pounds of Tennessee 
_raw rock phosphate. 
I must state that Doctor Brooks' bulletin purports to be a study of 
the Illinois system of permanent fertility, but he incorrectly assumes 
that we have advised the use of raw phosphate for market gardening, or 
even for general farming under the recent conditions of Massachusetts 
agriculture, which are indicated by the following statement taken from 
the latest report of the United States Bureau_ of Census in regard to the 
farm land of Massachusetts : 
"The area of improved land decreased without interruption until in 1910 it was 
only about one-half what it was in 1880." 
Doctor Brooks says (page 147): 
, "Since, however, without doubt some phosphorus should be applied in our 
ordinary farm and garden practice, the question whether, as Hopkins and his disci-
ples . believe, fine-ground rock phosphate is the best form, is important." 
A P~nnsylvania farmer seems to have been a more careful student, 
or "disciple," than Doctor Brooks, in regard to the Illinois system . 
• This stranger wrote me as follows under date of November 5, 1915: 
. "Last winter at a farmers' institute in my township Mr.--- quietly gave me 
the laugh for using raw phospp.ate. I asked him if he had used any and he said 
'Yes.' I then said,' But, how?' And then he replied that he had drilled it on when 
sowing wheat. I changed the subject, for I never saw a word printed anywhere 
that would permit putting it on bare ground." 
On page ·149 of his bulletin, Doctor Brooks says: 
"All fertilizers have been applied broadcast in the early spring, and, except 
when the land was in grass, on the plowed surface2 and disked in. ' ' 
1The word "phosphorus" is substituted for phosphoric acid here and in the fol-
lowing quotations in this circular.-C. G. H. _ 
2Recent Ohio experiments have shown that raw phosphate applied to the surface 
after plowing under manure produces much less effect than when plowed under 
with the manure.-C. G. H. 
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In the eighteen years covered by the experiments in which Doctor 
•Jroc)ks compares $1 worth of raw phosphate on the lighter soil with 
dollars' worth of avajlable phosphates on the heavier soil, he 
~K~nJP<::1rPrt and removed nineteen crops (including two crops in 1900 and 
in 1911). He used no farm manure and plowed under no legume 
and no straw or com stalks; but he states that ''wishing, however, 
te conditions as favorable as possible to the action of the raw 
-~ho~;p11lates,'' he plowed under during the eighteen years two cover 
of rye and one crop of buckwheat. Those three spasmodic 
, one during the first fifteen years (in 1901), and the others in . 
2 and 1913, would be regarded as a joke by a real student of the 
•lllnm·s system, which requires that the nitrogen for all non-legume 
shall be provided by plowing under home-grown nitrogenous 
•rgam"lc matter, in farm manure, legume crops, and crop residues. 
While the Illinois Agricultural College and Experiment Station, 
Illinois Farmers' Institute, the agricultural press, and many of the 
n-o~~e~;s:·Lve and successful farmers of Illinois and other states, are 
res:ponsr",ble for evolving and advocating the Illinois system of 
mna1rrer1t fertility, the Rural New-Yorker is in error in the statement 
p of men connected wit;h the Illinois Experiment Station 
y responsible for the theory that the ground rock phosphate is 
profitable," and also in error in the assertion that "every experi-
station in the Atlantic coast states has found that, for the soil 
crops in this section, acid phosphate on the whole is more profitable 
the ground rock.'' 
MASSACHUSETTS TWELVE~ YEAR EXPERIMENTS 
In the report of the Massachusetts Agricultural Experiment Station 
1900, before the first ton of raw phosphate was applied to Illinois 
, Doctor Wm. P. Brooks made the following statem~nt concerning 
Massachusetts experiments which were discontinued about that 
after twelve years' results had been secured: 
"Taking into account all of the crops which have been grown upon this field, 
the Swedish turnips (rutabaga), which were affected by disease not apparently 
the fertilizer which had been used on a portion of the plots, and the yields of 
therefor~, as expressed in figures, would be misleading, and repres~nting the· 
te yield which stands highest, by 100, the efficiency of the different phosphates 
. -
Phosphatic slag . ..... ... ...... . ..... .. . . ..... . ..... 100.0 
Ground South Carolina rock. . . . . . . . . . . . . . . . . . . . . . . . 92.3 
Dissolved bone black .............. . .......... . ... . . ~0.7 
Mona guano. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88.3 
"There was at first no no-phosphate plot used in the experiment, but we have had 
.no-·ph<)Spha1;e plot since 1895. Taking into account the yields of the several plots 
and excepting the Swedish turnips, which were grown in 1897, for reasons 
stated, the phosphates have the following relative rank: 
South Carolina rock phosphate .. .. . ....... . . . . .... .. 100.0 
Phosphatic slag .. . . .' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99.0 
Dissolved bone black ....... . . .. .. . ... . . .. . ... .. .... 97.7 
Mona guano . . . . .. . . ..... . ... . . . . ... ........... . .. 95.4 
No phosphate .. . ... .... .. . ... . ... . . . ..... . ........ 55.4 
RHODE ISLAND PHOSPHATE EXPERIMENTS 
"TABLE XXI.-Relative crop values for an equal cost and amount of phosphoric acid applied, 1894-1913 
Amount of Increase in crop 
I phosphates Cost of Value of Crops Increase per $1 value due to 
applied, phosphates 1/10 acre paid for phosphoric 73.86lbs. 
1/10 acre at present acid phosphoric acid, 
prices, 1/10 acre 
1/ 10 acre 
Lbs. Limed Unlimed Limed Unlimed Limed Unlimed 
Dissolved bone black .............. 424.3 $3.18 $129.91 $80.48 $16.34 $13.22 $51."95 $42.04 
Dissolved bone ..... ...... ..... .. .. 458.9 3.21 131.77 85.27 16.76 14.58 53.81 46.83 
Dissolved phosphate rock . .... ...... 482.1 3 . 13 126 . 65 82.49 15.56 14 .07 48.69 44.05 -
Fine-ground bone .. . .... . ... .... .. . 282.6 2 .68 128.76 95.71 18.96 21.37 50 .80 57.27 
Thomas slag phosphate .... . . .. ... . 419.9 2.94 128 . 81 99.70 17.30 20 .84 50 .85 61.26 
Raw phosphate rock ..... ....... .. . 280.9 1. 55 104 .87 74 . 32 17.36 23.15 26 . 91 35.88 
Raw Redonda phosphate .... .. .... . 204 . 0 1.53 72 . 05 46.33 (-)3. 86 5.16 (-)5 . 91 7 .89 
Roasted Redonda phosphate .. ...... 156 .6 2 .58 110 .80 52.26 12.73 5.36 32.84 13.82 
No phosphate . . .. ..... ..... . .. . .. . 
··· ······· 
...... .. .. 77.96 38.44 .. ... ....... . .......... . 
············ ·· ······ ···· Double superphosphate* .. ..... ..... 166 .4 3.08 119.33 60.34 13.43 7 . 11 41.37 21.90 
· *This phosphate not having been included until the second year of the experiment is credited here with the average crop of com 
produced the first year on the other acidulated phosphate plats." 
NoTE.-This tabular statement is taken €ntirely from page 547 of Rhode I sland Bulletin 163. The Redonda phosphate is not 
ordinary "phosphate of lime," but a phosphate of iron and aluminum, the fertilizing value of which is not well established.-C. G. H. 
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"The following conclusions appear to be justified by the results which we have 
obtained: 
"It is possible to produce profitable crops of most kinds by liberal use of naturaf 
phosphates, and in a long series of years there might be a considerable money saving 
in depending, at least in part, upon these rather than upon the higher priced dissolved 
phosphates." 
RHoDE IsLAND TwENTY-YEAR ExPERIMENTS 
Doctor H. J. Wheeler, while Director of the Rhode Island Experi-
ment Station, and before accepting his present position as a fertilizer 
expert with the American Agricultural Chemical Company, made the 
following statement in Bulletin 114, concerning Rhode Island pnosphate 
experiments covering many years: 
"With the pea, oat, summer squash, Japanese millet (on the unlimed land), 
golden millet, white-podded Adzuki bean, soybean, and potato (on the unlimed land), 
floats [raw phosphates] gave very good results, but with the flat turnip, table beet 
and cabbage they were relatively very inefficient." 
It will be noted that with general farm crops the results .were good, 
while the _garden crops seemed not so able to utilize the raw phosphate. 
Largely in consequence of these experiments, the use of raw phosphates 
for market garden crops has been thought inadvisable, altho Doctor 
Brooks' results with cabbage suggest that at present prices for phos-
phates even gardeners may well consider the liberal use of raw rock. 
Three years later Doctor Wheeler wrote as follows in Rhode Island 
Bulletin 118 : 
"Floats [raw phosphates] gave very good results with the soybeans, peas, 
crimson clover, mangel-wurzel (on limed land), barley (on limed land), potato (on 
unlimed land), Japanese millet, oats, and golden millet; but they proved highly 
inefficient, especially for Hubbard squash, rutabaga, crook neck squash, flat turnip, 
cabbage, mangel-wurzel (on the acid unlimed land), tomato, lettuce, New Zealand 
spinach, and red valentine bean." 
If we add together all of the grain and hay produced during the 
decade following the first year, these Rhode Island experiments show the 
following yields per acre for eight crops: 
With no lime or phosphate ... .. .... .. .... 8,310 pounds 
With raw phosphate ........ . ............ 22,890 pounds 
With acid phosphate ... .. ............... 22,860 pounds 
With lime and raw phosphate .... ........ 35,340 pounds 
With lime and acid phosphate .... . . ...... 37,000 pounds 
The total applications per acre were 2.4 tons of acid phosphate and 
only 1.4 tons of raw rock phosphate. 
Since the above was written, I have received a copy of Bulletin 163 
of the Rhode Island Experiment Station, reporting further results from 
these investigations. On page 547 of this later bulletin the record of 
twenty years is reported, showing that for each dollar paid for phos-
phorus used on limed land the acid phosphate paid back $15.56 and 
the rock phosphate paid back $17.36; while on unlimed land the corre-
sponding returns were $14.07 for acid phosphate and $23.15 for rock 
phosphate. (See accompanying table.) 
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Of course, the Rhode Island prices for produce, such as $16 a ton 
for hay, $20 for cabbage and squash, 85 cents a bushel for corn, etc., 
are much higher than in Illinois, but the comparative results would be 
still more in favor of rock phosphate with Illinois prices for these fertil-
izers, which under normal conditions are not more than $7 a ton for 
raw phosphate and not less than $15 for acid phosphate, while the 
pfices used by the Rhode Island Station are $11 for raw phosphate and 
only $13 for acid phosphate. 
The original plan of these experiments made by Director Flagg 
was to apply the phosphates in equal money values, but this was changed 
by Director Wheeler to equal amounts of phosphorus. At the Rhode 
I_sland prices the rock phosphate applied cost only 50 percent as much 
as the acid __ phosphate (at Illinois prices, only 27 percent as much). 
In summarizing the results of twenty years, the authors of Bulletin 163 
(Director Burt L. Hartwell and S. C. Damon) make the following 
statement on page 549: 
( "Raw phosphate rock increased the crop values $27 and $36, respectively, on 
the limed and unlimed plots, or 56 and 82 percent, respectively, of the increase 
caused by the dissolved phosphate, or acid phosphate." 
According to this record of twenty years, one ton of raw phosphate 
containing 280 pounds of phosphorus is worth at least as much as one 
ton of acid phosphate containing 140 pounds of phosphorus. 
. MAINE PHOSPHATE EXPERIMENTS 
The Maine Experiment Station reported four years' results from 
an experiment in which raw phosphate and acid phosphate were used 
in equal money values, and in his report upon those experiments in 
1894, Doctor W. H. Jordan, then Director of the Maine Station, now 
of the New York Station, made the following statement: 
"With the exception of the oat crop of 1891 the production of plot two [with 
raw phosphate] has largely exceeded that of plot three [with acid phosphate]. Espe-
cially is this true of the 1894 crop after the exhausting effect of three years of cropping. 
. . . . . . This is certainly one instance of the unmistakable persistent 
influence of a crude phosphate in increasing the growth of a field crop." 
In another Maine experiment, where equal amounts of phosphorus 
were applied in bone meal, acid phosphate, and raw phosphate, the raw 
phosphate, costing one-third as much, produced more than half as much 
increase as the average of the high-priced forms. 
PENNSYLvANIA TwELVE-YEAR ExPERIMENTS 
The Pennsylvania Experiment Station has reported the results of 
experiments which extended over twelve years, from 1884 to 1895, and 
were then discontinued. On page 210 of the Pennsylvania report for 
1895 we find the following summary: 
· "The yearly average for the twelve years gives us a gain per year of $2.83 from 
insoluble phosphorus (ground bone), $2.45 from insoluble phospho:us (South Carolina 
rock), $1.61 from reverted phosphorus, and 48 cents from soluble phosphorus, 
thus giving us considerably better results from the two forms of insoluble phosphorus 
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than from the reverted or soluble forms, thus indicating that the insoluble phosphorus 
is of more value as a manu:e than is often supposed, and that it is worthy of more 
attention than has been given to it in the past." 
MARYLAND TwELVE-YEAR ExPERIMENTS 
The Maryland Experiment Station conducted field investigations 
with different phosphates over a period of twelve years, from 1895 to 
1906, after which the investigations were discontinued. In summarizing 
the results of these investigations, Doctor H. J. Patterson, Director 
of the Maryland Station, made the following statements: 
"The results obtained with the insoluble phosphates has cost usually less than 
one-half as much as that with the soluble phosphates. 
"The results show decidedly that plants are able to utilize insoluble rock phos-
phate. 
"The use of an abundance of organic matter in the soil when insoluble phosphates 
are applied was evidently a necessity for their best effects. 
"Insoluble South Carolina phosphate rock produced a higher total average 
yield than dissolved South Carolina rock." 
TEACHINGS AND RESPONSIBILITY 
In a general review of the world's investigations with different 
phosphates, published in 1902 as Bulletin 94 of the Pennsylvania 
Department of Agriculture, Doctor Patterson, then Director and Chem-
ist of the Maryland Agricultural Experiment Station, and now also 
President of the Maryland Agricultural College, made the following 
significant statements: 
"The experiments, which have been quoted from, show that many of the popular 
notions regarding phosphates are not fully warranted and that much of our daily 
practice is either based upon preconceived ideas or been moulded by such information 
as has been given out which would serve the interest of fertilizer manufacturers. 
. . . . . Much of the practice now followed in the use of phosphates is not 
founded upon facts; but probably backed either by the tradition and statements 
gathered from the customs of our forefathers or promulgated by the teachings of the 
commercial world. The-latter, in many cases, are much colored for the sake of 
self-preservation and financial gain. 
"There is no doubt but that the first step in the economical use of phosphates 
is to imitate nature and endeavor to keep the soil well supplied with organic matter ; 
for it is only by such means that the phosphates contained in the soil naturally and 
those applied artificially can be fully utilized by the cultivated crops." 
The men who are ''chiefly responsible for the theory that the ground 
rock phosphate is most profitable" are Director Wm. P. Brooks of 
Massachusetts, Director H. J. Patterson of Maryland, and other direc-
tors of experiment stations in the northern Atlantic coast states, and 
their theory is based upon the facts established by their own investiga-
tions. In Illinois we have accepted these facts with confidence in the 
honesty of those public servants and public-service institutions, and the 
thought of dishonesty mentioned by the Rural New- Yorker should not 
be credited to Illinois people. 
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OHIO EIGHTEEN-yEAR EXPERIMENTS 
I have given the general, or average, results of the phosphate experi-
ment of the eastern states, chiefly in exact figures and direct quotations; 
but probably the most important series of experiments with raw phos-
phate and acid phosphate are those conducted by the Ohio Experiment 
Station. Thru the kindness of Director Thorne, I was able to present 
to the annual meeting of the Illinois Farmers' Institute in 1915 averages. 
of all results secured including the 1914 crops, and for this information 
I beg to refer you to the report of that meeting or to Circular 181 of 
the Illinois Experiment Station. 
SECONDARY EFFECTS oF Acm PHOSPHATE 
In Rhode Island Bulletin 114, Doctor Wheeler made the following 
statement: 
"The use of fine-ground bone, basic slag meal, and floats [raw phosphate] has. 
tended continually to make the unlimed land more favorable to clover, as is well 
shown by its appearance only upon those plots of the unlimed series where these 
phosphates had been used, while it was absolutely lacking where . . . . the 
soluble phosphates had been applied." 
In the Ohio Farmer for January 2, 1904, Director Charles E. Thorne 
of Ohio made the following statements: 
"In 1900 half of one section of the five-year rotatidn at Wooster . . . was. 
dressed with lime, applied across the plots at the rate of 2000 pounds per acre. Fol-
lowing the regular course of the rotation, this section was sown to timothy and clover 
in the fall of 1901 and spring of 1902, with the result that when the crop had reached 
the spring of 1903 the limed ends of all the fert ilized plots showed an even and full 
stand of clover, while on the unlimed ends there was practically no clover on the plots. 
dressed with acid phosphate alone, or with that and potash only, and a very irregular 
stand where carriers of nitrogen had been added to the [acid] phosphate. Where 
bone meal or basic slag had been used the clover stand, tho not perfect, was very 
decidedly better than where acid phosphate or dissolved bone black had been used. 
"At harvest time the wheat was removed from another section of this test, 
half of which had been similarly limed, for the corn crop of 1901, and the clover 
here repeated almost identically the appearance shown on the section just described. 
so that we can no longer doubt that on the soil of this farm, and this soil is typical 
of a large area, the use of acidulated fertilizers is injurious to the clover crop." 
These quotations are here recorded because of the statement made 
by Doctor Brooks, and emphasized by the Rural New-Yorker as impos-
sible of misunderstanding, to the effect that "no injurious secondary 
effects are known to be associated with the use of dissolved phosphates.'' 
One ton of rock phosphate costing about $7 delivered in Illinois, 
when mixed with about one ton of sulfuric acid, makes about twQo 
tons of acid phosphate now costing more than $35 in car lots; and, 
aside from that which reacts upon the impurities present, the acid phos-
phate contains the full acidity equivalent of the sulfuric acid used. 
While the acidity of acid phosphate is a minor objection to its use, for it 
can be easily corrected by the use of more ground limestone, to teach that 
acid phosphate does not increase soil acidity is undeniably erroneous, 
as anyone may easily determine for himself by testing acid phosphate 
for acidity. 
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It has been implied by Doctor Brooks that the manufactured land-
plaster contained in acid phosphate may act as a soil stimulant, and this 
suggestion seems to be supported by the results of the twenty years' 
experiments in Rhode Island. In those experiments one of the soluble 
phosphates applied was double superphosphate, which does not contain 
the land-plaster (calcium sulfate), altho the phosphorus compound is 
the same as in common acid phosphate. On page 547 of Rhode Island 
Bulletin 163, it is shown that the average acre-value of the crops grown 
was $29.10 with no phosphate, $44.80 with raw rock phosphate, and 
-$44.92 with double supeq9hosphate costing twice as much as the rock 
phosphate at Rhode Island prices or four times as much at Illinois prices. 
But with common soluble phosphates the average acre-value of crops 
was much higher, as shown in the tabular statement. 
I think no other field experiments have been conducted in this coun-
try with double superphosphate, and these data are too meager for 
final conclusions, but they raise the question whether, in case one desires 
to use land-plaster as a soil stimulant, he may not better buy it for $6 
or $8 a ton in ground natural gypsum rock rather than at a cost of $20 
or $25 in manufactured acid phosphate. 
DETAILS FROM MASSACHUSETTS 
Let us return now to a more careful examination of the Massachu-
setts experiments. First, we find that the Rural New- Yorker is in error 
in stating that Massachusetts Bulletin 162 "gives, in detail, the results 
of eighteen years' work in testing different forms of phosphate." This 
bulletin does not report the work in detail, either by years or by individ-
ual phosphates. Neither the crop yields nor crop values are reported, 
but rather the computed increases in yields and values, and even these 
are reported by groups of years and by groups of phosphates, which 
furnish no possible basis for a study of variations, so necessary to a proper 
interpretation of the experiments. Thus, on page 151 of his bulletin, 
Doctor Brooks says: 
"Many of the annual crop yields have been published in the reports of the 
Experiment Station, and certain averages only will be presented at this time." 
I may add that the annual crop yields for only nine years are' found 
in the published reports, but, by request, Doctor Brooks has very 
kindly furnished me the additional original data, and I am thus able 
to present the more complete records in the accompanying table. 
With all the facts before him from the crop yields secured, with the 
evidence that at least two soil types were involved, one of which is 
benefited while the other is injured by a given change in seasonal 
conditions, and with proof of a complete r~versal of computed effect by 
a change in the methods of computing the increases, the thinking 
farmer must recognize that he himself represents the highest court, 
and his judgment must decide whether the eighteen years' work by the 
Massachusetts Experiment Station may or may not be properly classed 
as a phosphate experiment. 
" These data show enormous variations. Thus, in 1897 the acre-
yields of corn were 66.9 bushels on Plot 1. and 76.9 on Plot 13, while in 
MAssAcHusETTs ExPERIMENTs WITH EQUAL AMOUNTS OF PHOSPHORus: YIELDs PER AcRE 
Plot No ............ ...... .. . ....... ... 1 2 3 4 5 6 7 8 9 10 11 12 13 
1S96j Corn crop, tons . .............. .... 1.72 1.54 1.50 1.55 1.58 1.51 1.42 1.45 1.44 1.78 1.46 1.50 1.32 
Ark. s. c. Fla. Basic Tenn. Acid Raw Acid Stmd. Acid 
None rock rock soft slag rock None bone bone bone bone phos- None 
phos.1 phos. ~ phos. phos.2 black meal meal meal phate 3 y ear:.!Y_ application_per acre, lbs . 0 ••• • ••••• 376 376 364 ~ -m ---s22 "'JJ4 432 ~ ---soo 
1897 Ear corn, bu . ......... . .... .. ... . ~ 64.6 73':7 82.9 ""7([9 77:5 ----rrs ---ro:r- 76.9 72.4 ~ 7T.8 76.9 
1897 Corn stover, tons . ... ...... . ...... 2.32 1.90 2.14 2.48 2.48 2.44 2.17 2.19 2.28 2.20 1.80 2.16 2.36 
-1898 Cabbage, tons . .... ............... 35.95 25.04 24.42 23.06 23.70 22.54 31.22 21.46 24.75 21.58 18.42 21.22 18.22 
1899 Ear corn, bu . ..... .... . ... ...... . 85.6 82.0 80.1 82.1 81.6 80.3 81.1 87.9 83.6 81.1 69.5 68.5 67.2 
1899 Corn stover, tons . ...... .. ........ 2.68 2.76 2.64 2.80 2.86 2.82 2.72 2.80 2.96 2.08 2.00 2.36 2.60 
1900 Oat hay, tons .................... 2.90 2.94 -no 2:18 -.r36 2:82 -----u6 3.40 3.f4 ~ 2:68 2:18 1.96 
1900 Millet hay, tons . .... .. .. ... ...... 1.90 2.00 2.00 2.10 1.92 1.98 1.98 1.84 1.90 1.74 1.72 1.92 1.94 
1901 Onions, bu ........... . .......... . 279 222 235 151 i52 206 141 210 252 213 188 188 123 
1901 Scallions, tons . .. ................. .64 .92 .90 1.14 -.. . 58 .86 1.00 .30 .32 .30 .28 .46 .90 
1902 Onions, bu .......... ...... ... . .. . 196 102 122 52 252 45 51 174 301 389 244 159 26 
1902 Scallions, tons . .. .. .... . . .. ... .... 4.28 4.24 4.68 3.44 2.80 3.48 2.68 2.82 2.07 2.70 2.92 3.28 3.30 
1903 Cabbage, hard, tons . ......... . ... 2N 1.78 6.02 1.92 4.96 -----:86 ~ 1[20 5'.90 6]8 4.30 ~ ~ 
1903 Cabbage, soft, etc., tons . ..... . ... . '4.68 8.68 12.24 10.92 14.02 14.58 7.06 15.76 16.22 14.66 14.10 12.06 4.04 
1904 Ensilage corn, tons . ...... ........ 20.50 20.36 20.25 14.12 18.22 16.06 16.17 15.04 22.90 20.92 14.20 14.52 10.12 
1905 Hay, 2 crops, not weighed ...... ... ..... ... ····· ··· . ... .... ....... . ... ..... ....... . ........ ........ ........ . ....... .. ..... . ........ . ...... . 
1906 Hay, tons ........... .. .... ... .. . 4.20 4.62 4.53 4.55 4.60 4.37 4.60 4.60 4.56 5.04 4.69 4.70 4.08 
1907 Hay, tons . .......... ... ....... . . 4.40 4.65 4.49 4.44 4.39 4.18 4.20 4.84 4.87 4.83 4.44 4.32 3.80 
1908 Cabbage, tons . ............... . .. . 1.90 --r24 5.72 ~ 9.56 2.80 ----u>4 10.04 10.12 6:16 5.72 4.14 -~ 
1909 Soybeans, bu . . .. ... .. ...... .... . . 31.0 30.1 31.3 31.7 31.7 31.2 29.5 28.8 32.0 32.9 33.9 32.8 25.8 
l909 Soybean straw, tons .. . .. .. ... . . . . 1.61 1.59 1.69 1.56 1.63 1.31 1.14 1.48 1.54 1.45 1.34 1.28 .. 89 
1910 Potatoes, bu . . ..... .. . .... ... .... 286 289 265 235 246 236 244 248 259 264 262 257 215 
1911 Oat hay, tons .............. .. . . . . 2.00 2.14 1.96 2.02 2.28 2.04 2.00 2.54 2.80 . 2.54 2.52 2.00 1.16 
1911 Alfalfa hay, tons . . ..... . . . ....... .50 .56 .42 .44 .46 .36 .28 .32 .46 .40 .58 .56 .50 
1912 Buckwheat, turned .. . . . ... . ..... . ··· ·· ··· ········ ........ ........ .. .... .. ........ ........ ········ ... ... .. ········ .... .... ........ .... .... 
1913 Ear corn, bu . .. .. . .. . ......... . .. 59.2 55 .2 52.8 52.8 57.0 50.7 46.7 47.3 48.2 52.3 50.2 42.7 29.2 
1913 Corn stover, tons . .......... ... ... 2.18 2.30 2.54 2.54 ·2.55 2.54 2.18 2.48 2.64 2.46 2.56 2.54 1.82 
1914 Ear corn, bu . .. ....... . .... .. ... . 79.6 74.8 80.5 75.6 76.8 78.0 74.8 84.2 85.6 77 .3 80.5 74.6 51.9 
1914 Corn stover, tons . .. ............ . . 3.36 3.56 3.44 3.46 4.32 3.32 3.28 3.62 3.70 3.64 3.46 3.12 2.18 
1Apatite used in 1897-1905; Arkansas phosphate since 1908. 2Navassa phosphate used in 1897-1900; Tennessee since 1901. 
1Applied 380 pounds yearly 1901-1913, and 1,940 pounds in 1914. 
1916] PHOSPHATES AND HONESTY 21 
1914 they were 79.6 bushels on Plot 1 and only 51.9 on Plot 13. These 
are both check plots, receiving no phosphate, yet No.1 shows an increase 
of 12.7 bushels and No . 13 a decrease of 25 bushels in eighteen years. 
These and other details secured plainly show that on the "more 
heavy soil, '' wh~re the soluble phosphates were used, the addition of 
phosphorus was needed to maintain productive power, whereas, on the 
sandy loam, where the raw phosphates were used, the addition of 
phosphorus was not needed for general farm crops. The garden crops 
were benefited by phosphorus on both soil types, and the increase in 
cabbage by South Carolina raw phosphate was much greater than 
would be expected from previous investigations. (See report of Rhode 
Island experiments.) _ 
Concerning the 1?03 cabbage crop, Doctor Brooks made the follow-
ing statement in his annual report for that year: . 
"South Carolina ro~k gave a surprisingly good return, being exceeded in yield 
of hard heads by only one plot,-the one receiving dissolved bone-while in total 
yield it is materially exceeded by but few." 
It may be noted that the yield of hard heads with acid bone was only 
6 percent more than with South Carolina raw rock, while the corn 
yields of 1896 indicate a difference of more than 18 perGent in the land 
itself. By Doctor Brooks' present method of computation, South 
Carolina raw phosphate increased the acre-yields in 1903 by 22,746 
pounds of cabbage, including 9,214 pounds of hard heads; while the 
increase by ordinary acid phosphate was only- 20,800 pounds, including 
only 5, 7 6 7 of hard heads. 
In 1898 the acre-yields of cabbage where no phosphorus had been 
applied were 36 tons on Plot 1 and 18 tons on Plot 13, while they were 
24 tons with South Carolina rock phosphate and 21 tons with acid 
phosphate. The combined cabbage crops of 1903 and 1908 were 8V2-
tons on Plot 1 and 5 tons on Plot 13, while they were 24 tons with 
South Carolina rock and 19 tons with acid phosphate. 
The acre-yields of onions in 1901 were 279 bushels on Plot 1 and 123 
bushels on Plot 13; and in 1902 they were 196 bushels on Plot 1 and 
only 26 bushels on Plot 13; while acid bone meal produced 3 bushels 
more than acid bone black in 1901 and 215 bushels more in 1902. 
The yields of ensilage corn in 1904 were 14.2 tons with steamed bone 
meal and 20.9 on an adjoining plot with dissolved bone meal, while 
ey were 22.9 tons with raw bone meal and only 1S.tons on an adjoining 
plot with dissolved bone · black; in one instance, the dissolved bone 
being SO percent better and in the other the undissolved bone. Corn-
ed with adjoining no-phosphate plots, the yield of potatoes in 1910 
as increased by soluble phosphate 44 bushels on the ''more heavy soil '' 
on Plot 12, but only 4 bushels on the medium soil on Plot 8. The aver-
age increase in corn in 1913 and 1914 was 18 bushels with acid phosphate 
d only 5 bushels with acid bone black, while the averages for 1897 
d 1899 show 2 bushels increase for acid bone black and 2 bushels 
decrease for acid phosphate. 
On page 157 of his bulletin, Doctor Brooks gives figures showing 
the computed increases by different groups of phosphates for the corn 
aops of 1899 and 1914. According to these figures, raw phosphates 
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decreased the yield by 2.4 bushels in 1899 and by .2 bushel in 1914, 
while the soluble phosphates increased the yield · by 5 bushels in 1S99 
and by 15 bushels in 1914. In his comments, Doctor Bro~ks says: 
"The latter [soluble phosphates] excel the rock phosphates in 1914 in a much 
greater degree than in 1899." 
But this statement accords only with Doctor Brooks' recent method 
of computation. In January, 1915, in his annual report, Doctor 
Brooks showed that the increase in sound corn for 1914 was 14.2 bushels 
from the South Carolina rock phosphate and only 10.5 bushels from 
acid phosphate, while in May, 1915, in Bulletin 162, he uses a different 
method of computation, according to which the 1914 increases in sound 
corn were only 3.6 bushels by South Carolina rock phosphate and 25.1 
bushels by acid phosphate. I do not mention this fact as a criticism 
of Doctor Brooks for recently adopting a method of computation 
different from that which he had used for eighteen years, but rather to 
show that to change the method of computation may completely reverse 
the conclusion. 
I am privileged to present the original facts represented in the 
actual crop yields, and it is very possible that a clear-headed practical 
farmer may be better able to correctly interpret the original data w!th 
reference to their application to his farm practice, than either Brooks 
or Hop~ins. 
In studying the "cumulative effect," Doctor Brooks states that 
"the corn crop affords the best chance of comparison, having been 
grown in 1899 and in 1914." 
But the average yields in 1899 were 81.1 bushels with the natural 
phosphates and 79.2 bushels with the soluble phosphates.; while for 
1913 and 1914 the average yields were 65 bushels with the raw phos-
phates and 63 with the soluble phosphates. These are the averages 
of the recorded yields, and it requires no computation for anyone to see 
that in ,this comparison the high-priced soluble phosphates have not 
excelled the rock phosphates. 
Considering the marked variations and irregularities, I am unable 
to agree with the statement by the Rural New- Yorker that "it would be 
difficult to imagine a more thoro test than this one conducted by Pro-
fessor Wm. P. Brooks." The soil differences are not confined to varia-
tions in fertility, but they evidently include fundamental differences in 
soil types. Seasonal variations are of course unavoidable. 
Many of you know even better than I that clover plowed under may 
sometimes double the corn crop or it may cut the yield in two, depending 
upon the time and the seasonal conditions. Many of you have seen 
oats yield 80 bushels and 20 bushels on the same field; you have seen 
40 bushels of winter wheat and 3 tons of clover produced on land where 
in some other years both crops were complete failures. And yet we 
continue ~to plant corn and to sow oats and wheat and clover. And 
likewise we shall continue to spread phosphate to plow under with clover 
and manure, if on the average it tends to increase profits and to provide 
permanent fertility, even tho the results vary with the crops and season 
from apparent injury to large profit. 
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In the twelve-year experiments in Massachusetts, in which equal 
money values were used, three pounds of phosphorus in raw rock were 
estimated to cost the same as one pound in soluble phosphates; but in 
summarizing, on page 156 of his late bulletin, the eighteen-years' experi--
ments in which equal amounts of phosphorus were used, Doctor Brooks. 
records the annual acre-cost as $3.67 for raw phosphates and $3.24 for 
soluble phosphates. His figures indicate a cost of $13 a ton for acid 
phosphate and $24.80 a ton for Tennessee ground rock phosphate. 
INDIANA PHOSPHATE ExPERIMENTS 
In Circular No. 10, published in 1907, and in the annual report for 
the year ending June 30, 1914, the Indiana Agricultural Experiment. 
Station has reported results from comparative experiments with rock 
phosphate and acid phosphate in Scott county in southern Indiana .. 
In Circular No. 10, Director Goss reports that the experiment was: 
regun in 1904 with the application of 1,000 pounds per acre of rock 
phosphate at $10 a ton and 715 pounds of acid phosphate at $14 a ton; 
and he shows net profits per acre in four years of $11.55 from rock 
phosphate and $13.50 from acid phospnate. If, however, we count 
$7 a ton for rock phosphate and $15 for acid phosphate, the net profits. 
become $13.05 from the rock phosphate and $13.14 from the acid 
phosphate, but with two-thirds of the rock phosphate remaining in th~ 
soil after the acid phosphate is exhausted. 
In commenting upon these and other experiments, Director Goss: 
makes the following statements on page 11 of Circular No. 10: 
"During the first and second years, the rock phosphate produced little effect 
in either experiment, while the acid phosphate very materially increased the yields 
in both cases. During the third and fourth seasons, however, the rock produced 
very striking results in the Scott county experiment, even forging ahead of the 
acid." 
"This and other similar investigations in progress lead us to believe that rock 
phosphate is a cheap and effective source of phosphorus where immediate returns 
are not required." 
In the later Indiana publication (page 58), Professor Wiancko 
reports only the computed financial outcome from experiments covering 
eight years in Scott and Pike counties, from which he draws the follow-
ing conclusion: 
"These experiments, ·therefore, indicate that under the conditions prevailing 
on these two fields acid phosphate is a more profitable source of phosphorus than is 
r&.w rock phosphate." 
No information is given concerning the crop yields, the prices 
allowed for produce, or the methods of computing the increases. The 
report shows that two tons (or six tons) of rock phosphate used in addi-
tion to, but not regularly applied with, farm manure produced an in-
crease in crop values of $8.21 in Scott county and $22.55 in Pike county, 
but no comparison is reported for acid phosphate used in addition to 
manure. When used without manure in Pike county, the two tons 
{or six tons) of rock phosphate produced an increase of $10.43 in crop 
values, while acid phosphate, apparently costing $15.57, "showed a 
[net] gain of $2.41" in eight years. 
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Concerning the comparative experiments in Scott county, Professor 
Wiancko says: 
"On the Scott county field, which is a light gray to yellowish silt loam that was 
in a low state of fertility to begin with, good profits are shown on all the treatments. 
The comparison of acid phosphate and raw rock phosphate used in conjunction with 
liberal liming has thus far shown that an application of 24 pounds of phosphoric 
acid in acid phosphate once in three years is more profitable than a two-ton applica-
tion of raw rock phosphate put on at the rate of one ton per acre at the beginning of 
the experiment in 1906 and a second ton in 1911. The total value of the increase in 
eiglit corn crops and nine wheat crops, including straw and stover, and two clover hay 
crops which were. removed from the land, has been $87.41 for the acid phosphate 
and $68.58 for the raw rock phosphate, yielding net profits of $71.84 and $54.58 
respective! y.'' 
This statement is rather confusing, as 24 pounds of "phosphoric 
acid" per acre once in three years would make only 72 pounds of" phos-
phoric acid," or 3172 pounds of phosphorus, for the entire nine years, 
and this would be contained in 514)i pounds of the common acid 
phosphate mentioned by Director Goss. As an average of six consecu-
tive years, with rational systems of permanent soil enrichment, the 
acre yields on the University farm at Urbana have beeri 89.9 bushels 
of corn, 43.5 of wheat, and 3.82 tons of dover hay. Such crops would 
remove 53.7 pounds of phosphorus per acre in three year-s, or nearly 
twice as much as Professor Wiancko provides in acid phosphate for 
nine years. Professor Wiancko allows $15.57 as the cost of the a·cid 
phosphate for three series of plots, which would be just $20 per ton, 
but for six(?) tons of rock phosphate (two tons on each of three series) 
he seems to allow only $14. 
Whether this is a continuation of the Scott county experiment 
described by Director Goss as started in 1904, in which the rock phos-
phate was forging ahead of th~ acid, or whether that experiment was 
discontinued,1 is not stated by Professor Wiancko. 
FERTILIZER ADVERTISING 
The recent computations and opinions reported by Doctor Brooks 
and Professor Wiancko were apparently accepted by Professor Williams 
of Ohio without reference to the original data or conditions. I may 
add that thru the influence of commercial interests an article based 
upon these statements and headed "Rock Phosphates Least Profitable" 
has recently been published by some of the unsuspecting newspaper; 
of Illinois, ready-made forms having been furnished for the purpose. 
This matter, advertising manufactured acid phosphate and discourag. 
ing the use of natural rock phosphate, has even been run in a newspape-..· 
without the knowledge of th~ editor, and at the same time the quotations 
for carload lots delivered at his railroad station were $6.46 for 280 
pounds of phosphorous in one ton of rock phosphate and $36.10 
for the same amount of phosphorus in two tons of acid phosphate. 
(For other types of fertilizer advertising, see Circular 165 of the Illinois 
Experiment Station.) 
1A recent letter from Director Goss states that the Scott CQunty experiments 
described in Circular No. 10 have been discontinued. 
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ILLINOIS PHOSPHATE EXPERIMENTS 
In 1904 investigations were begun with the use of different phos-
phorus fertilizers on three experiment fields conducted by the University 
of Illinois. Steamed bone meal, acid phosphate, raw rock phosphate, 
and slag phosphate have been used on the Odin field, in Marion county, 
and on the Mascoutah field, in St. Clair county, and all of these except 
slag on the Cutler field, in Perry county. After establishing a perma-
nent experiment field on land donated for the purpose at Lebanon, the 
University discontinued the Mascoutah field only six miles away; but 
both the Odin and Cutler fields are still in operation. Potassium has 
been applied and crop residues turned under on all plots at Odin and 
Mascoutah, while limestone was applied to only one-half of every plot 
on these fields. At Cutler both limestone and potassium were applied 
to all plots, while one set of plots received crop residues, 1 and another 
set (not including bone meal) received no applications of organic matter. 
With one crop at Odin and with two at Mascoutah, the harvest was by 
whole plots, half limed and half unlimed. 
The phosphates were applied in equal money values, based upon a 
cost per ton of $25 for steamed bone, $15 for acid phosphate, $7.50 
for raw rock phosphate, and $19 for basic slag phosphate, the yearly 
acre-rates . corresponding to 200 pounds of bone, 333 of acid phosphate, 
666 of raw phosphate, and 260 of slag, applied in sufficient quantities 
but once for each rotation. Corn, oats, and clover were grown on all 
fields, also some timothy at Odin, wheat and cowpeas at Mascoutah, 
and wheat and soybeans at Cutler. 
The crop yields and a summary in terms of crop values of all results 
secured in these investigations are given in the a~companying tables. 
On the acid unlimed land at Odin, and where no organic matter was 
applied at Cutler, acid phosphate gave distinctly better results than 
raw rock phosphate, but the natural rock gave better returns than the 
acid phosphate on the other part of the Cutler field2 and on both limed 
and unlimed land at Mascoutah, and also on the limed land, and as an 
average, at Odin. On the unlimed land at Odin the hay sometimes 
contained much weeds, especially sorrel (rumex Acetosella), so that 
m one season it sold for only half as much per ton as the hay from the 
limed land. 
On the limed land slag phosphate gave better results than bone 
at Odin, and both slag and raw phosphate were better than bone at 
Mascoutah, while on the unlimed land the bone gave the best results. 
1Some corrimercial nitrogen was also applied in 1~04. 
2The check plots at Cutler to which no phosphates were applied were under 
tment for two years before the experiment with different phosphates was started, 
t of course all phosphated plots are compared with the same check plots. How-
er, if a computed correction were applied, the value of all crops grown where resi-
ues and phosphates were added would be $42.7 4 higher than shown in the table, thus 
'ving an increase of $39.79 for bone meal on the Cutler field. The values of the total 
creases in the 49 crops and in the 61 crops would thus also be increased by $42.74 
or every phosphate. This would not change the absolute differences between the 
osphates, but it would change the percentage of profits on investments. 
ILLINOIS PHOSPHATE ExPERIMENTS, GDIN AND MAscou TAH FIELDS: YIELDS l>ER AcRE 
Soil treatment . ...... .. ..... .. . .. RLPK I RPK RLK I RK RLPKI RPK RLPK I RPK RLK I RK RLPK I RPK 
Phosphate used . ...... ........ . .. Bone None Acid Rock None Slag 
Odin Field 
1904 Corn, bu . .... .. .. . . .. ... . .. 53 .8 1 s2 . s 33 .8 141.0 49 .0 I so . o 49 .5 I 46.8 38.5 1 33 .0 151.0 I 46.0 
1905 Oats, bu . .. . . .. . . ... . .. . ... 22 .6 24.4 27 . 1 26.4 27 .4 25 .2 
1906 Hay, tons .. ... .... ... . . .. .. .85 .82 .96 .64 1.06 . 71 1.08 .64 1.04 .57 .87 .64 
1907 Hay, tons . ..... .. . .. ... . . . . 1.64 1. 06 1. 06 .98 1.19 1. 01 1. 20 . 91 1. 14 .85 1.48 .94 
1908 Hay, tons .... .. .. . ..... . .. 1. 88 1. 09 1.46 . 72 1.45 . 70 1.63 .67 1. 29 .47 1.66 .74 
1909 Corn, bu . .. . .. . ..... . ...... 45 .3 ~44.2 39.5 ~ 38.3 44.7 32:5 4TT ~~34l) 
1910 Oats, bu ... ... .. ... .. ... . .. 55 .5 55.6 48 .5 44 . 1 42 .8 53 .9 52 .4 50 .5 50 . 0 40.1 61.4 47 .6 
1911 Hay, tons .... . . .... ... . ... . .93 .55 .92 .35 1. OS .83 1. 25 .59 .99 .24 1. 17 .48 
1912 Hay, tons .. . ... .. . ..... .. .. 1. 50 1. 26 1. 31 .67 1.39 .93 1. 52 .95 1. 52 1.12 1.38 1.13 
1913 Hay, tons ... .. . ........... . 1. 03 .84 . 73 .49 1.00 .47 1. 02 .55 .76 .41 1.04 .72 
1914 Corn, bu .. ... . ... . ......... - 2.-7- 2:-6 2.2 ---y-;r- - 1.-8- 1:-4 ~ - 1.-6- _ 1._8_ ----r:o--yy- - 1-.8-
1915 Oats, bu . ... . ..... .......... 65.4 74 .5 58.9 62.8 60 .6 77 .5 66.4 79 .8 66 .9 55 .8 80 .8 78 .0 
Value, 11 crops ... .... . ........... $177 .56 $155 .34 $147.46 $122 . 71 $158 . 11 $143 .91 $172 .92 $135 . 67 $155 .06 $107 .51 $181.93 $137 .64 
Value, 23 crops . . . .... . ... . ....... $334 .94 $279.93 $312.86 $319 . 15 $273 .53 $329 .65 
Mascoutah Field 
1904 Corn, bu . . . . . . . ............ 63 .3 1 69 . 7 50 .9 148 .9 53 .9 / 50 .8 54 . 1 150 . 7 46 . 1 136.9 53.4 142.4 1905 Corn, bu . . ... . .... . ....... 26 . 7 37 . 2 28 .4 32 .3 29.6 28 .7 35 .9 31. 2 34 .0 30.8 34 .3 30 .4 
1906 Oats, bu .. ... .... .......... 20 .8 17 .9 17 .9 18 .3 17.0 19 .6 
1907 Wheat, bu . .. ..... ......... 20 .3 19 .0 20 .4 20 . 2 20 . 1 17 .5 
1908 Legumes1 .. ..• .. ....... . . . . 
·· ······ 
...... .. 
·· ······ ······ ·· ········ 
.. ..... 
1909 Corn, bu . . ..... ........... . 51.8 50 .5 49 .9 48.5 53 . 2 47 .3 54 .0 55 .5 49 . 2 5,0. 2 52.4 59 .0 
1910 Oats, bu ... .. .. .. . ......... 56 .3 64 .4 56 .4 36 .6 56 . 1 66 .5 59.4 56.4 64.0 44.9 66.4 48.0 
1911 Clover1 •... . . • •. .•...••..• • ... ..... ........ .... .... ..... ... ........ ........ . ... .... ........ . .. ..... ........ ........ ........ 
1912 Wheat, bu . ........... . ... . 32 .3 31 .6 28 . 1 26 . 2 30 .4 31.0 33 . 1 32 . 1 30 . 1 21.3 35.5 34 .0 
1913 Corn, bu . . . .. .. ...... . . . ... 39 .7 37 .1 26 . 2 29 . 0 39 .4 33.9 44 .6 45 .0 24 .3 36 .5 42.4 59.5 
Value, 6 crops . . . . . . . . . . . . . . . . . . . $145 .57 $154 .61 $128 .36 $120. 19 $140.89 $137 .95 $151 . 16 $145 .86 $132 .50 $116.46 $153 .31 $148 .85 
Value, 14 crops ...... . ... . .. .. .... $328 .80 $274 .71 $306 .40 $324.54 $275.86 I $327.50 
-QQ 
0\ 
ILLINOIS PHOSPHATE EXPERIMENTS, CUTLER FIELD: YIELDS PER ACRE 
Soil treatment . .. .' .... .' ... . ........ ·I RLPK RLK LK RLPK LPK RLPK LPK 
Phosphate used ... . .... ~ .......... ·I Bone I None Acid R ock 
1904 Wheat, bu ......... .. . ...... 21.0 8 . 2 10 .0 23.1 24.2 20.5 13 . 1 
1905 Clover, tons . .. .... ......... 2 . 74 2 . 11 1. 80 2 . 52 2.40 2 . 51 2.06 
1906 Com, bu .. ........ . . . ...... 45 .8 50 . 0 43.1 46.2 52.7 52 .5 47.3 
1907 Corn, bu ..... . .. ... ... ..... 52.5 54.7 56.9 60.6 51.9 63 .8 43 .8 
1908 Wheat, bu ..... ...... ... ... . 19 .6 13.0 11.5 24.2 18 . 3 19 . 6 16 . 1 
1909 Soybeans, tons . ............. Turned Turned .61 Turned 1.04 Turned 1.11 
1910 Corn, bu ... . . ..... ... ...... 39 .8 44 . 6 44 .8 35.2 37 . 9 46.2 49 .3 
1911 Oats, bu . ....... ... ........ 18 .4 23.8 20 .8 16 . 7 23 .8 20 . 0 24.4 
1912 Clover, tons . .. . ............ Turned Turned .64 Turned . 65 Turned .64 
1912 Clover, bu .... ... ..... . ..... .67 3.08 .75 1. 67 2 . 25 2 . 58 1. 25 
1913 Wheat, bu . . . ............... 34.7 29.6 27.3 38 .8 37 . 3 37 . 3 26.2 
1914 Com, bu .. ........ .. .... . .. 3 .6 4 .5 2.7 2.1 5.8 6 .4 8 .8 
1915 Oats, bu . . . . ............... 35.8 39.4 30.2 40.9 39.8 29.1 34 . 2 
Value, 12 crops ................... ·I $201.93 $204.88 1 $180.95 $223 . 09 1 $242. 79 $232. 39 1 $204.04 
Value, 24 crops .. . ... . . . . ..... ..... ·I $385.83 $465 .88 $436.43 
NOTE-R =residues (corn stalks, straw, and cover crops plowed under), L= limestone, P =phosphorus, K =potassium (kalium). 
ILLINOis PHoSPHATE ExPERIMENTs; ROP VALUES J>ER AcRE 
(Prices per bushel: Corn, SOc; Oats, 406; Wheat, $1; Cloyer seed, $10; Hay, $10 per ton) 
Phosphate used . : ....... : .................... I Bone None Acid Rock None Slag 
With Residues and Potassium: Odin Field, 1904 to 1915 
With lime .... . .. ........ . ..... .. 11 crops $177.56 . 147.46 $158. 11 $172.92 $155.06 $181.93 
Without lime .......... . .... . .. .. 11 crops 155 . 34 122 . 71 143.91 135 . 67 107.51 137.64 
Total . .. . .. ........... .... ... ... 23 crops 341.94 279 .93 312 . 86 319.15 273.53 329.65 
With Residues and Potassium: Mascoutah Field, 1904 to 1913 · 
With lime . .... ........ · ........ . . 6 crops $145.57 $128 . 36 $140.89 $151.16 $132.50 $153.31 
Without lime . . . ................. 6 crops 154 . 61 120.19 137 .95 145 . 86 116.46 148 . 85 
Total .. .. .. ... .. ... .... ........ . 14 crops 328.80 274 . 71 306 .40 324 . 54 275.86 327 .50 
With Lime and Potassium: Cutler Field, 1904 to 1915 
I 
. 
With residues ........... ....... ·1 12 crops $201 .93 $204 .88 $223 .09 $232.39 
No residues .. · .. .. .. ... . ..... .... 12 crops 180.95 242 . 79 204.04 
-
All Fields 
With residues . .... . . .. . . ....... . 49 crops $872.67 $759.52 $842.35 $876.08 ~ Increase for phosphorus . ........ . 113 . 15 82 . 83 116 . 56 All trials. . . . . . . . . . . . . . . . . . . . . ... 61 crops $940.47 $1,085 . 14 $1,080.12 . Increase for phosphorus . . . . ... . .. 144 . 67 139.65 
NoTE.-The term "residues" means com stalks, straw, and cover crops plowed under. 
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With bone, acid phosphate, and raw rock, direct comparisons are 
possible with 49 crop yields, and these show a total return of $116.56 
from raw phosphate, $113.15 fro~ bone, and $82.83 from acid phos-
phate; and if we include with these results those from 12 crops grown 
with no addition of organic matter at Cutler, the returns from 61 crops 
are $139.65 from raw phosphate and $144.67 from acid phosphate; 
but even with this comparison one may wish to take into account the 
fact that when the acid phosphate is all removed three-fourths of the 
raw phosphate will still remain in the soil for the benefit of future 
crops. 
These and other investigations have shown that phosphorus is 
not the factor which first limits the crop yields on these southern Illinois 
soils, both limestone and organic matter being of greater initial import-
ance. As an average, the increases thus far produced are scarcely 
sufficient to pay for the phosphates applied, altho the future residual 
effects may show profits with continued rational systems of providing 
organic matter. 
ILLINOIS SOIL INVESTIGATIONS 
The Illinois experiment fields are used primarily to investigate 
Illinois soils rather than different kinds of phosphates or different salts 
of potash or the various nitrogen fertilizers. · 
It was taken for granted that earlier investigations by the eastern 
experiment stations and the conclusions drawn by their directors were 
trustworthy, and, consequently, that fine-ground raw rock phosphate 
was one of the best forms of phosphorus for use in the corn belt in con-
nection with organic manures in systems of positive and permanent 
soil enrichment; and the data thus far secured in Illinois seem to justify 
the confidence we placed in the earlier work of the eastern institutions. 
The only long-continued experiments we have made with different 
phosphates in direct comparison are those in southern Illinois at Odin, 
Mascoutah, and Cutler; but in the corn belt we have used steamed bone 
meal on some fields and raw phosphate on others, and the results, even 
tho not directly comparable, are of interest. 
For twelve consecutive years the University of Illinois has conducted 
soil experiment fields with phosphorus applied in bone meal at Sibley, 
at Bloomington, and at Virginia, and with phosphorus applied in raw 
rock phosphate at Galesburg and on the South Farm at Urbana, with 
crop rotations including some legumes on all these fields. 
At the prices mentioned above, and as an average of duplicate 
tests on three series at Sibley, one at Bloomington, and three at Virginia, 
200 pounds of steamed bone meal per acre for each year has produced 
$43.42 increase in the value of the produce in twelve years, while 500 
pounds of rock phosphate for each year has produced $42.53 increase 
in crop values as an average of five tests on each of three series at Gales-
burg and four tests on each of two series at Urbana. These figures 
are based upon 444 different tests with . phosphorus. If the bone meal 
cost $28 and the raw phosphate cost $7 per ton, the net profit is $9.82 
from the bone meal and $21.53 from the raw phG>sphate; and, after the 
/ 
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bone me~l is all removed in crops, 60 percent of the raw phosphate 
will still be left in the soil for the benefit of future crops. 
Even at these. prices for produce, the bone meal did not pay its cost 
during the first six years at Virginia, nor during the last six years at 
Sibley, largely perhaps because the soil on those fields was deficient in 
decaying organic matter and some years nitrogen was the first element 
to limit the crop yields. Drouth and clover failures were also adverse 
factors in some years. On the other extreme, bone m eal paid back 
about 200 percent during the last rotation at Virginia and 300 percent as 
an average at Bloomington, where, previous to the beginning of these 
experiments one of the best farmers in Illinois, the late S. Noble King, 
had made large use of legumes and crop residues and of manure, by 
hauling and spreading or by pasturing, arid had thus put the land in 
perhaps the best condition for the utilization of phosphorus. But 
even better results have been secured under very similar conditions. 
from the use of raw rock phosphate on the 500-acre farm of Mr. F. I. 
Mann, in Iroquois county, as shown by the definite records which he-
·has· already reported to the Illinois State Farmers' Institute. 
, Because of differences in the previous farming methods, in the local 
climatic conditions, and in the crop rotations practiced, the twelve-year 
records from the use of raw phosphate at Urbana and Galesburg are 
not directly comparable with those from the use of bone meal at Sibley, 
Bloomington, and Virginia, but they do show that natural phosphate 
has paid 200 percent on the investment besides leaving the soil one and 
one-half time·s as rich in phosphorus as at the beginning. In the rota-
tion at Galesburg 1Y2 tons of phosphate paid back $14.48 the first six. 
years and $19.77 the second six years; while 1 ton of phosphate for each 
rotation at Urbana paid back $11.80 the first four years, $16.19 the 
second, and $26.97 the third rotation period. 
While the prices used for produce are perhaps fair for the landlord, 
they are too high for the tenant, except during recent years; but of 
course the crop prices used are the same whether bone meal or rock 
phosphate is applied. 
VALUE OF PHOSPHORUS 
At your annual meeting in 1915, I made the following statement: 
"Unquestionably a pound of phosphorus is worth more in soluble acid phC>Splltaf.e-; 
than in the insoluble rock phosphate; and possibly one pound of soluble ph<)Spl10rtl~ 
- is worth as much as two of the insoluble; but certainly the information 
secured from all trustworthy investigations does not justify paying four or 
as much for phosphorus in soluble form as it costs in fine-ground rock ph•Dsphat~ 
if organic manures can be provided for its liberation in rational farm systems. ' 
I still believe soluble phosphorus is worth more than insoluble, 
the Rhode Island results with raw rock phosphate and double 
phosphate make the above statement no longer unquestionable. 
I may add that, with the increasing data from field experiments and 
the increased cost of acid phosphate, I must now advise the use of 
phosphate rather than acid phosphate in general ' farming even 
cannot be turned under with manure or clover at the beginning. 
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tainly much benefit is produced, especially upon such crops as clover, 
and some benefit upon the grain crops, by the liberal use of rock phos-
phate on most Illinois corn-b~lt soils,;. even with no special provision 
for decayin~ organic matter. When ·we consider the results of the 
twelve years' work ip. Pennsylvania, twelve years' in Marylanci., twen"I;y 
years' in Rhode Island, eighteen years' in Ohio, ten or twelve years' 
from different fields in Illinois, and also the results of many years of 
actual experience by Illinois farmers and the reports of critical observa-
tions of these trials by the county agricultural advisers, we can have 
no doubt that most crops receive benefit from raw rock phosphate 
-used liberally, either with or without special provision for organic 
matter, which, however, rpust be provided in order to supply most 
economically the nitrogen required by grain and other non-legumes. 
In conclusion, we may well emphasize the fact that where phosphorus 
is deficient in· the soil it must be applied in order to increase and per-
manently maintain fertility or productive power. At moderate prices 
either bone meal, acid phosphate, basic slag phosphate, or fine-ground 
natural rock phosphate may be used with profit. When prices are 
sufficiently low, the more readily available phosphates are probably 
best, especially for garden crops or on soils which are deficient in decaying 
organic matter, or where the cost of raw phosphate is prohibitive; but 
even for garden crops, and also in beginning soil improvement for 
general farm crops even before adequate supplies of organic matter 
can be provided, liberal applications of raw phosphate may well be 
used when exhorbitant prices are charged for other phosphates. 
Even tho acid phosphate may be used when the cost is low, it does 
not follow that the farmer should also buy nitrogen and potassium in 
mixed fertilizers, altho they too have some proper place in market 
gardening and other forms of intensive agriculture. 
The final question may be asked, What shall we do when the doctors 
disagree? Do nothing, is not the best answer to this question, but 
instead we should call for the original data, for the crop yields, or values , 
and other related information, and not depend solely upon the computed 
· creases and opinions of others. And we must also be open-minded 
d ready to change our own opinion tomorrow if justified by additional 
vestigation with accumulated trustworthy data. 
